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 Abstract. Dioxins/furans and dioxin-like PCBs are unintended by-products of natural events 
as well as manmade processes like paper and pulp bleaching, incinerations, exhaust emissions. TCDD 
or 2,3,7,8,-tetrachloro-dibenzo-p-dioxin is the most toxic and most studied compound from the first 
class of dioxins (polychlorinated dibenzo-para dioxins) that can have serious adverse effects on the 
human body. Milk occupies an important place particularly in the diet of infants and children and 
plays a pivotal role in their growth and development, therefore the presence of dioxins/ furans and 
dioxin-like compounds is considered toxic and hazardous.  
 The aim of this paper was to establish a management risk plan for the production of UHT milk 
that will reduce human exposure to dioxins through this product. 
 




Since 1970 a new problem for food safety attracted attention because of its 
importance, the presence of polychlorinated dibenzo-para dioxins (PCDDs), polychlorinated 
dibenzofurans (PCDFs) and polychlorinated biphenyls (dioxin-like compounds) in feed and 
food chain, collectively referred as dioxins. [5] Dioxins are chemically classified as 
halogenated aromatic hydrocarbons (HAHs). (Fig. 1) 
 
 PCDDs       PCDFs          PCBs 
Fig. 1. Chemical structure of dioxins 
 
PCDDs, PCDFs, and dioxin-like PCBs are generally present as complex mixtures in 
environmental, food and biological matrices, including humans and other animals. To address 
the complexity of risk assessment for dioxins, the concept of toxicity equivalency factor 
(TEF) is used. [4] By using TEFs, the toxicity of a mixture of dioxins is expressed in terms of 
its total toxic equivalent quotient (TEQ), which is the amount of TCDD that it would take to 
equal the combined toxic effect of all contributing dioxin congeners within the mixture. As an 
example, exposure to a mixture of dioxins with a potency of 2 ng TEQ/kg means that the total 
mixture is expected to have the potency of an exposure equal to 2 ng TCDD/kg. [4] 
According to the International Agency for Research on Cancer (IARC), part of the 
WHO, the most potent dioxin, 2, 3, 7, 8-TCDD, is a now considered a Class 1 carcinogen, 
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meaning a "known human carcinogen". [5] A number of noncancerous human health effects 
have been associated with high exposures to dioxins: chloracne and other dermal effects; 
changes or possible changes in glucose metabolism and in diabetes risk; alterations or 
possible alterations in thyroid function; alterations in growth and development, 
neurodevelopment and neurobehavior; alterations in liver function and hepatic effects; 
alterations in the immune system; possible ocular changes and increased mortality from 
cardiovascular disease. [5] Dioxins exposure through food it results not from the actions of 
only one segment of the food system, but from the complex interaction of widespread 
environmental contamination and the established practices and behaviors of animal producers, 
food processors, and consumers. Its solution requires action across the system, based on 
consideration of all the factors that contribute to exposure and all the possibilities for reducing 
exposure. [5] (Fig. 2) 
 
 
Fig. 2. A quality control sistem model that can reduce human exposure to dioxins 
 
Measures to reduce dioxins contamination entering in the food chain should aim: (1) 
at preventing or reducing contamination of environment (air, soil and water) and animal feed; 
(2) at preventing or reducing the formation of dioxins during food and feed processing; (3)at 
applying good agricultural and hygienic practices during primary production, processing, 
distribution and sale of food and feed. 
In the present study we investigated all the risk factors regarding dioxins that can 
appear during milk processing and we elaborated a Management Risk Plan to Reduce 
Exposure to Dioxins for a unit that produces UHT milk. We choose a milk factory because of 
two major reasons: first is the possibility that the investigated compounds can concentrate in 
milk during processing and second because milk is a food product that addresses to all tip of 
consumer, including children.     
 
ELABORATING A MANAGEMENT RISK PLAN TO REDUCE EXPOSURE TO 
DIOXINS IN THE UHT MILK PRODUCTION 
 
The Management Risk Plan to Reduce Exposure to Dioxins (MRPRED) presented in 
this paper is similar to a HACCP plan. For the elaboration of this plan we used as guidance 
the seven HACCP principles: (1) hazard analysis, (2) critical control points identification, (3) 
establishment of critical limits, (4) monitoring procedures, (5) corrective actions, (6) 
verification procedures and (7) record-keeping and documentation. The plan was developed 
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and applied following 10-strateges procedures that include the following steps presented 
below.  
The first step in developing a MRPRED plan was to assemble a team that will 
implement and monitor the plan. The team is formed of one team leader - engineering 
technologist and three members: one chemist, one microbiologist and one mechanic.  
In the second step we described the product and its distribution, in this case UHT milk 
and we identify intended use and consumer (Tab. 1). 
Tab. 1 
Product description 
Product name(s) UHT Milk 
How the product will be used Ready-to-eat or as ingredient for other dairy products. 
Packaging  1 L Tetra-Pack boxes 
Shelf life 7 days if maintained at 20-40C  
Marketing Boxes in plastic crate 
Labeling instructions Labeling by imprinting the name of the dairy factory, product name, fat 
percent, processing method – UHT sterilization, expiration date and 
condition for transport and storage at 20-40C. 
 
Milk can be consumed by any tip of consumers, from children to elders, but it is not 
addressed to those who present lactose intolerance. It can be used as it is after processing and 
packaging or as raw material for other dairy products or as an ingredient in other food 
products. 
In the third step we drafted and verified on-site the process flow diagram for our 
product – UHT milk. The diagram is presented in Fig. 2 provides an unambiguous simple 
outline of all steps involved in the process. 
 
Fig. 2 Flow diagram for commercial UHT milk 
 
Hazard analysis represented the fourth step in the process of developing a MRPRED 
plan through the production of UHT milk. At this point were identified which operation in the 




Hazard analysis for UHT milk 
 
Process step Potential 
hazard 











The dioxin deposit on hay and feed crops are 
consumed by cows, which concentrate the dioxins in 





During centrifugation the initial levels of dioxin in 
raw milk can decrease, but there is still a possibility to 
appear a second contamination if the water used to 





During standardization existing dioxins are reduced in 
the skim milk (1,5% fat), but if the raw milk is used to 
obtain UHT milk with 3,5% fat there is the possibility 
to increase the dioxins levels.  
Yes 
UHT treatment This procedure has no effect on dioxin levels but milk 
can be contaminated if the water and solutions used to 
clean the installation are contaminated. 
Yes 
Final storage After packaging dioxins levels in the final product can 
increase by migration of these compounds from the 
packaging material to the product.  
Yes 
 
In this step was also conducted a hazard evaluation by studying the literature and the 
legislative documentation regarding dioxin/furans and dioxin-like compounds. With the 
exception of dioxin-like PCBs, PCDDs and PCDFs are unintended by-products of 
combustion. Combustion sources can be of anthropogenic (e.g., waste incineration) or natural 
origin (e.g., forest fires). Industrial (e.g., paper and chemical manufacturing) and biological 
processes also contribute to dioxin production, although in smaller quantities. These dioxins 
are formed in trace quantities and released into the environment. [9] It is known that because 
of their chemical stability, refractivity to biotransformation and lipophilic nature, dioxins tend 
to be biomagnified and accumulate in the food chain and can persist in fat and mammary 
glands of animals and pass out in milk. [8]  
Dioxin/furans and dioxin-like PCBs may enter the animal feed to human food chain 
through both direct and indirect pathways. The direct environmental pathways include: air-to 
plant/soil, air-to plant/soil-to animal, and water/sediment-to fish. These contaminants deposit 
on vegetation, soils, and in water sediments from the atmosphere or through agricultural 
pesticides, fertilizers, and irrigation, and are retained on plant surfaces and in the surrounding 
soil and sediment in waterways. It is estimated that 5% of aerial deposits of dioxins in 
terrestrial environments are retained on plants and the remaining 95% ultimately reaches the 
soil. The soil-borne dioxins then become a reservoir source that could reach plants used for 
animal feeds by volatilization and redeposition or as dust. [5] Fig. 1 shows that if there are 
applied protection and monitoring system at environment level the exposure of humans to 
dioxins is reduced. For air European Commission set the air emissions limit at 0.1 ng I-
TEQ/m3, for the soil used for agricultural purposes the dioxins concentration must be below 5 
ng TEQ/kg. [5] 
Specific guidance for the prevention and reduction of dioxin is contained in the Codex 
Code of Practice for the Prevention and Reduction of Dioxin and Dioxin-like PCB 
Contamination in Food and Feed (CAC/RCP 62-2006). This Code presents recommended 
measures based on Good Agricultural Practices (GAPs), Good Manufacturing Practices 
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(GMPs), Good Storage Practices (GSPs), Good Animal Feeding Practices (GAFPs) and Good 
Laboratory Practices (GLPs). [1] According to this Code to prevent the contamination of raw 
milk with dioxin/furans and dioxin-like PCBs, farmers should apply control measures at the 
feed and feed ingredients level. This means that framers, according to their control 
procedures, have to identify possible contaminated areas in the feed supply ecosystem and 
monitor the compliance of feed and feed ingredients with maximum limits established in the 
Directive 2006/13/EC. [1] The maximum levels of the sum of PCDDs, PCDFs and PCBs for 
feed materials of plant origin with the exception of vegetable oils and their byproducts are 
1,25 ng TEQ/kg; vegetable oils and their by-products and feed materials of mineral origin are 
1,5 ngTEQ/kg; animal fat, including milk fat are 3,0 ng TEQ/kg; different additives and 
premixtures are 1,5 ng TEQ/kg. Farmers must also avoid the contact between contaminated 
fumes or dust and feedstuffs. The feed producers must identify if there are industrial plant 
near their agricultural production areas that can contaminate the raw material and 
environment. If there are the agricultural production on this areas must be avoid. [2] 
The World Health Organization (WHO), the U.S. Agency for Toxic Substances and 
Disease Registry (ATSDR), the Joint Expert Committee on Food Additives of the World 
Health Organization (JECFA/WHO), and the European Commission Scientific Committee on 
Foods (ECSCF) have all recently examined the body of human and animal health effects data 
and made recommendations that average daily intake of dioxins be limited to values ranging 
from 1 to 4 pg-TEQ/kg bodyweight (bw) to ensure that human blood levels do not approach 
the  levels of concern based on animal study data. The European Commission has established 
a TDI of 2 pg TEQ/kg/d. [5] The Scientific Comity of Food fixed a tolerable weekly intake 
(TWI) of 14 pg (WHO-TEQ)/kg bw for dioxins and dioxin-like PCBs. The TWI is intended to 
apply to all dioxins expressed as TEQs using the WHO 1998 TEF system. The experts 
established a provisional tolerable monthly intake (PTMI) of 70 pg/kg per month. This level 
is the amount of dioxins that can be ingested over lifetime without detectable health effects. 
In the fifth step were identified operations or points, at which control can be applied 
and where control is essential to prevent, eliminate or reduce at an acceptable limit the hazard 
- dioxins. To identify this operations was used a Critical Control Point decisional tree (Fig. 3). 
 




The results obtained after applying the CCP-decisional tree are presented in Tab. 4 and 
the operations identified as CCPs are shown in Fig. 2 in bolded characters. 
Tab. 4 
Identifying Critical Control Points during the process of UHT milk 
 
Process step Q1 Dose preventive 
measures exist for dioxin 
hazard identified? 
Yes  Q2 
No  Is control in this 
step necessary for safety? 
Yes  Modify the step, 
process or product. 
No  Step is not a CCP. 
Next step. 
Q2 Does this step 
eliminate or 
reduce the likely 
occurrence of 
dioxin hazard to 
an acceptable 
level? 
Yes  CCP 
No  Q3  
Q3 Could 
contamination 
with dioxin in 
excess of 
acceptable 
limits or could 




No  Not CCP 
Q4 Will a 
subsequent step, 
prior to consuming 
the milk, eliminate 
the dioxin hazard or 
reduce the likely 
occurrence to an 
acceptable levels? 










Yes No Yes No Yes 
Cleaning by 
centrifugation 





Yes Yes - - Yes 
UHT Treatment Yes NO Yes NO Yes 
Final storage Yes No Yes No Yes 
 
The sixth step was to establish critical limits for the operations in which dioxin hazard 
were identified. Tab. 5 presents the identified CCP and the critical limits for each CCP. 
Tab. 5 
Critical Control Points and Critical Limits 
 
Process step CCP?  Critical limits 
Qualitative and quantitative 
reception 
Yes Maximum levels in raw milk are 3,0 pg/g fat for the sum of 
dioxins (WHO- PCDD/F-TEQ) and 6,0 pg/g fat for the sum of 
dioxins and dioxin-like PCBs (WHO- PCDD/F-PCB-TEQ). [3] 
Cleaning by centrifugation Yes Maximum levels: 3,0 pg/g fat for the sum of dioxins (WHO- 
PCDD/F-TEQ) and 6,0 pg/g fat for the sum of dioxins and 
dioxin-like PCBs (WHO- PCDD/F-PCB-TEQ). [3] 
Standardization and 
homogenization 
Yes Maximum levels: 3,0 pg/g fat for the sum of dioxins (WHO- 
PCDD/F-TEQ) and 6,0 pg/g fat for the sum of dioxins and 
dioxin-like PCBs (WHO- PCDD/F-PCB-TEQ). [3] 
UHT treatment Yes Maximum contaminant level for drinking water: 0,00003 ppb. [7] 
 
Final storage Yes Negative result at the rapid test. 
 
The seventh step in applying a MRPRED plan was to establish monitoring procedures 
for each operation identified as hazardous. For the quantitative and qualitative reception of 
raw milk there is a general procedure that describes how the reception is done and a specific 
procedure in which is described the biosensor method used to determine the presence of 
dioxins/furans and dioxin-like PCBs in the samples of raw milk taken at this point. It is also 
analyzed the water used to clean the equipment, UHT installation etc. There is the possibility 
that the final product could be contaminated by the Tetra-Pack boxes, that is why the 
suppliers are asked to send a quality certificate with their product that assures the boxes do 
271 
 
not have traces of dioxins/furans or dioxin-like compounds. The factory workers are 
supervised if they respect the hygiene measures and if they change their street clouds with the 
working equipment. This will avoid product contamination from the dust on the street clouds 
that might be contaminate with dioxins. 
In the eighth step there were established procedures for corrective action in case the 
process exceeds critical limits. Because dioxins are very toxic contaminants there is only one 
corrective action applied in all steps of the process: to exclude from production the 
contaminated raw milk, the contaminated packaging material or cleaning substance. If this 
materials continue to come contaminated the supplier is eliminated from the list of suppliers 
until the problem is resolved, and even so the material that come from this supplier are 
analyzed for dioxin for a period of time in the plant laboratory. What is very important is to 
record every corrective action that was applied.   
The ninth step is very important for the success of the plan. At this moment were 
established the verification procedures and the members responsible for this part. The 
verification program established for the management risk plan for is presented in Tab. 2. 
Tab. 2 
Verification program for the MRPRED plan 
 
Verification action Frequency The person 
responsible 
The person that 
reviews the program 
Programming verification 
activities 
Annual or when the plan is changed Team leader Unit manager 





The following validation of 
the plan 
When critical limits are changed, 
changes appear in the process, 
equipment, packaging materials or 




Monitoring verification of 
processes or points identified 
as hazardous 
Once during every shift Shift leader Quality responsible 
on each shift 
Verification of records, critic 
limits, deviations and their 
resolutions to demonstrate the 
compliance of the plan  
Monthly  Quality 
assurance office 
Plan team 
Verification of the entire plan Annually  External experts Unit manager 
 
The tenth step is the final one in elaborating a management risk plan for milk 
processing chain to reduce exposure to dioxins/furans and dioxin-like compounds. 
Documentation and record-keeping are essential for the plan, because all the procedures must 
be documented and relevant date obtained during operation must be recorded.  
All the records are kept for 1 year and the documentation is verified every time a new 
legislative document appears that modifies the maximum levels of dioxin in food and 
environment; if a operation is modified and can represent a risk to contaminate the product; if 
are used new cleaning materials or new packaging material that could be contaminated with 
dioxins/furans and dioxin-like compounds.  
The list of the records and documentation of the management risk plan for dioxins is 








The records and documentations of the management risk plan 
1. Support documentation, 
including the motivation for 
determining this hazard and 
control measures. 
- legislative documentation that establishes the maximum limits for dioxins/ 
furans and dioxin-like compound in milk, water and air; 
- toxicological studies on this contaminants; 
- human health effects, specially infants; 
- studies regarding cases or incidents of dioxin contamination in  the 
environment surrounding the unit.  
2. The management risk plan 
description 
- a list of the MRP team and responsibilities; 
- a description of the product, its distribution, intended use and consumer; 
- a verified diagram flow 
- a table with the MRP summary that includes information like: steps in the 
process, if it is a significant hazard and justification, critical limits, monitoring 
and corrective actions, verification procedures and schedule and record-keeping 
procedures 
3. Support documentation  - description of verification and validation procedures 
4. Records that are generated 
during the operation of the 
plan. 
- monitoring records in which dioxin hazard is significant; 
- deviation and corrective action records; 




This management risk plan was designed to prevent and reduce contamination of UHT 
milk through the processing chain. The key to the success of the plan is employee training, 
behavior and attitude to respect the monitoring procedures established but also to respect the 
GAPs, GMPs and GHPs. Such a plan should be implemented in the dairy plants that are 
situated in areas where were case of dioxin environment contamination, accidental or from 
natural processes. Because of the high toxicity of dioxin/furans and dioxin-like compounds, it 
is recommended that the dairy factories, farmers and collecting points that are built in location 
that have exposed to dioxin contamination (natural or industrial) it is recommended to have a 
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